ABSTRACT
INTRODUCTION
Informatization refers to the degree by which an area, an economy, or a society as a whole, is becoming information-based, i.e., "enlargement of its information labor force" [1] , whereas educational policy encompasses all the principles and policy-making in the educational domain, as well as the set of laws and rules that manage the operation of education systems [2] . Policymaking, in general, is an interdisciplinary activity that incorporates transformation of political decisions into real solutions that are implemented in the society. One of the crucial phases in the development of a new policy, or adjusting an existing one, is the process of adaptation and/or alteration of the legal framework on which the policy is implemented. Bringing about new legislation, or analyzing an existing one, should have one single starting point: effective address to the problems of a certain area for both the directly involved, and for the society as a whole. To achieve this goal, it is necessary to perform a comprehensive and detailed analysis, including internal and external circumstances of the problem being treated, to find regulatory and/or nonregulatory solutions, to make analysis of the parties involved, and most importantly, to determine the most favorable decision in terms of the economic justification for the decision [3] . The educational policy analysis, in particular, tries to find answers to the questions about the purpose of education, the goals (both societal and/or personal) that it is designed to accomplish, the methods for achieving them, and the tools for quantifying their success or failure.
As national and local governments in developing countries work to implement policies and programs for integrating Information and Communication Technologies (ICTs) in education, a greater need has developed for assessing and evaluating how effective, efficient and transformative these technologies are in education [4] . Existing ICT policies should be revised to guarantee that they stimulate effective use of technology through the program of study, as well as support wider educational reforms.
All the countries require a nationally unified informatization level evaluation index system that captures well the situation in the country, on one hand, and interrelates with the international community, on the other. Among the issues is whether "informatization" can be measureable opposite to the tangible products of industrialization, for example. Taylor and Zang [5] addressed the issues behind the boundaries of current theoretical models with regard to quantifying the "positive impacts of ICT projects". Many international organizations, such as the United Nations' World Summit on the Information Society (WSIS), the International Telecommunication Union (ITU), as well as the Organization for Economic Co-operation and Development (OECD) also identified this necessity and have placed initiatives to improve the methodologies for "measuring an information society" [6] .
The remainder of this paper is organized as follows. Section 2 focuses on related work and identifies the main motivations. It addresses some important initiatives for measurement of the level of informatization as an ongoing area of development: the World Economic Forum's Networked Readiness Index (NRI), the Global Networked Readiness for Education of the Berkman's Center for Internet & Society at Harvard Law School and the Chinese Framework of National Informatization Indices. But, how can we know what our position is in the process of global informatization? What development strategies should be taken? In Section 3 we introduce our proprietary informatization level assessment framework, i.e. the Education Informatization Index (EII), and discuss its development procedure, weights designation and principal findings. Finally, Section 4 concludes the paper.
MOTIVATION AND RELATED WORK
The World Economic Forum's Networked Readiness Index (NRI), also referred to as Technology Readiness, measures the predisposition of countries to take the advantage of the opportunities offered by information and communication technologies (ICTs). It is published as part of their annual Global Information Technology Report (GITR) [7] , which is considered "the most authoritative and comprehensive assessment of how ICT impacts the competitiveness and wellbeing of nations".
Similarly, in an effort to address some of the shortcomings of monitoring, evaluation, and data collection, and to provide insight for policymakers, the ICT for Education Program of the World Bank Institute and the Berkman Center for Internet & Society at Harvard Law School, with the support of the Education Development Center, launched a pilot research project in 2003 -Global Networked Readiness for Education [4] , to directly solicit user experiences of ICTs in developing world schools. Eleven developing countries including Brazil, Costa Rica, El Salvador, the Gambia, India (state of Karnataka), Jordan, Mexico, Panama, the Philippines, South Africa, and Uganda participated in the study, selected on the basis of a combination of characteristics including geography (three African, one Middle Eastern, two Asian and four Latin American nations), income, language, population, ICT-education activity at the secondary education level, and presence of on-the-ground contacts.
East Asian countries (i.e. South Korea [8], [9] and China [10] , in particular) have worked on establishing a Framework of National Informatization Indices [11] , which consists of six aspects: 1) Information resources, 2) National information network, 3) Application of information technologies, 4) Information technologies and industry, 5) Informatization talents, and 6) Policies, regulations and standards. They even propose a methodology for measurement and calculation of National Informatization Index Quantity (NIQ) [12] in order to conclude, for example, that "China's NIQ in 2000 was 38.46, and the average NIQ growth from 1998 to 2000 was 21.9%". Zhang [13] applies the Grey forecasting model from Grey theory to forecast precisely the informatization index of China and other countries from 2013 to 2020 and makes comparison among them. The findings provide a valuable starting point for governments in drafting relevant informatization policies.
The following subsections provide insight into their basic building principles and major design guidelines.
Networked Readiness Index
The Networked Readiness Index [7] , introduced by the Information Technology Group at the Harvard University's Center for International Development, pursues to better understand the "impact of ICT on the competitiveness of nations" and is a composite comprised of three components:
• the environment (market, political, regulatory, and infrastructure) for ICT;
• the readiness of the country's key stakeholders (individuals, businesses, and governments) to use ICT; • the usage of ICT among these stakeholders. The Quality of educational system, as a whole (Fig.8) The E-Participation Index (Fig. 11 ) moves in the range 0.13-0.22, whereas the Government success in ICT promotion (Fig. 12 ) exhibits the biggest drop in 2016, when compared to 2015 (i.e. from 5.00 down to 4.87). The latter, once again, speaks about the lower level of commitment of educational policymakers in 2016. What is the value of the Networked Readiness Index (NRI) for the Republic of Macedonia and where is its place on the ladder of more than 140 ranked countries at the dawn of the Fourth Industrial Revolution? The NRI ranges between 3.89 and 4.42 with the lowest value in 2013 (Fig.  21) , whereas the country continuously improves from the 66 th place in 2012 up to the 46 th place in 2016, with a temporary deterioration at the 67 th place in 2013 (Fig. 22) . According to the last Global Information Technology Report (GITR), the Republic of Macedonia makes company to countries like Italy, Slovakia, Turkey and Hungary (for comparison, the topmost ranked countries are Singapore and Finland with NRI value of 6.0). 
A Set of Education-Related Individual Indicators for the Republic of Macedonia

Global Networked Readiness for Education
The Global Networked Readiness for Education project [4] pursues:
• to help school leaders and policymakers by gathering and analyzing preliminary data that evaluates the early impact of ICTs in education; • to provide important resources that addresses the requirements and concerns of education leaders and policymakers in developing countries; and • to prepare an initial report on ICTs and educational practice.
As of the beginning of this project, there were no good international datasets of cross-national statistical indicators relating to ICTs and Education. Country coordinators developed a list of potential participant schools according to project guidelines, whereas respondents groups included 3.768 students, 1.088 teachers, 121 lab supervisors and 126 heads of school. The procedure included:
• Development of survey tool questions • Deployment of surveys: the respondents were asked to fill in the hard copies, and then enter the results using the survey's web interface.
• Data collection: the electronically entered data was collected into a common database for further analysis.
Viewed from the perspective of educational policy implications, a host of issues arise from this analysis that policymakers need to take into account when designing and implementing ICT in education programs:
• Having a computer in the classroom has positive effects on improved skills and learning -while the most practical first step is a lab, policymakers need to make greater efforts to get the tools closer to the classroom and the teachers and students who work there.
• Clear integration of use of ICTs in the curriculum is important for their effective use in the classroom. It is not surprising that word processing and programming were highly valued uses of the computer as they have clear and direct benefits to enhancing work done in the curriculum.
• Getting computers into the hands of school heads and administrators is clearly a strong positive for further diffusion among the teaching staff and in turn more effective use of the technology for teaching and learning.
• Finally, content is the most important -policymakers need to make sure that training exists for teachers to develop information literacy skills to assist them to find and identify quality information online, and create their own materials (e.g. a national educational portal [14] ).
Chinese Framework of National Informatization Indices
Articles [10] and [11] discuss the design guidelines, as well as the design principles of measuring and evaluation of the higher education informatization index system in China. Then they compare the evaluation index system of education informatization and higher education informatization that have been in effect in their country, analyze their advantages and disadvantages, give suggestions of modifying the index system in empirical research, and promote improvement and development of higher education statistics work.
According to [12] , "informatization is an integrated system, with the extensive application of information technologies as its aim, information resources as its nucleus, information network as its basis, information industry as its pillar, information talents as its reliance, and regulations, policies and legal standards as its safeguard". The National Informatization Evaluation Center (NIEC) is mainly responsible for the research on informatization index system, evaluation of informatization level (enterprise informatization, governmental informatization, E-Commerce, information resources, urban informatization, etc.), as well as consultancy services.
The National Informatization Index Quantity (NIQ) can be calculated by the formula:
where n is the number of subindexes; m is the number of indicators of the i th subindex; w ij and w i are the corresponding weights; p ij is the normalized indicator value. The informatization indices system of China is based on a total number of 20 indicators.
INFORMATIZATION LEVEL ASSESSMENT FRAMEWORK: EDUCATION INFORMATIZATION INDEX (EII)
Starting from the available indicators in the World Economic Forum's Global Information Technology Report [7] , and by following the methodology for calculation of the Chinese National Informatization Index Quantity [12] , we propose a measure of the education informatization level in the Republic of Macedonia.
Development Procedure and Weight Designation
Having in mind that the problem is observed through the prism of the educational policy and its two complementary aspects -a) creation and b) implementation, we introduce the Education Informatization Index (EII) as a composite indicator made up of 2 (two) main categories (subindexes) and 3 (three) individual indicators in each of them, rank-ordered in descending order: where:
• 2 is the number of subindexes, • w i is the weight of subindex i, • 3 is the number of indicators for subindex i, • w ij is the weight of indicator j of subindex i, • p ij is the normalized value of indicator j of subindex i.
By applying the Rank-Order Centroid method, the subindexes and the indicators are listed in order from most important to least important, and the following formulas are used for assigning weights:
Principal Findings
From Table 1 At the lower level of aggregation, one can conclude that only the value of the implementation subindex suffered in the first case, whereas in the latter, the value of the creation subindex suffered, as well. Namely, in 2013, only the indicators that refer to the "Availability of latest technologies" and the "Quality of educational system" had lower values in comparison to 2012. Yet, in 2016, almost all the indicators comprising both the complementary aspects of the educational policy have deteriorated: "Importance of ICTs to government vision", "Government success in ICT promotion" and "Effectiveness of law-making bodies" (on the creation side), as well as the "Internet access in schools" and the "Quality of Educational System" (on the educational policy implementation side). 
CONCLUSIONS AND EDUCATIONAL POLICY IMPLICATIONS
As the selection of indicators is often the result of a process of debates and compromises among stakeholders, i.e. national participants and international experts (a group of countries may identify certain indicators as very policy-relevant and straightforward, while other countries may find the same indicators as irrelevant and/or intricate [6]), there still remain some open questions about the number of subindexes, the number of aggregation levels, the number of indicators, methods for weight assignment, feasibility for collecting reliable data, and international comparability.
Having in mind that policymakers can assess the improvement of the country over time in comparison with their nationally defined targets, the presented methodology and the results can aid in making knowledgeable decisions or in establishing greater commitment to incorporating ICT into the education system. It is important to indorse the use of ICT in education systematically in a strategic manner, from the aspects of software, hardware, and personnel. The ICT use in education should be supported effectively, in line with the policy targeting to create a learning system and schools appropriate for the 21 st century [15] . In this process, many related parties in a number of fields should be involved, above and beyond experts in the fields of ICT and education.
